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5,935,727

1
SOLID OXIDE FUEL CELLS

FIELD AND BACKGROUND OF THE
INVENTION

The present invention relates 1n general to fuel cell
construction, and in particular to a stmplified bi-material set
which can be cosintered together to form multi-layer solid
oxide fuel cell stacks.

A solid state electrochemical cell comprises two
electrodes, the anode and the cathode, and a dense solid
clectrolyte membrane which separates the anode and cath-
ode regions of the cell. The anodic and cathodic reactions
occur at the anode/electrolyte and cathode/electrolyte
interfaces, respectively. The solid electrolyte membrane 1s a
material capable of conducting 1onic species, such as oxygen
ions, sodium 10ns, fluoride 10ns, or hydrogen 1ons, yet has a
low electrical conductivity. The electrolyte membrane must
be 1mpermeable to the electrochemical reactants.

It 1s known to prepare a solid oxide fuel cell comprising,
a dense electrolyte membrane of a ceramic oxygen 1on
conductor, a porous anode layer of a conductive ceramic or
a metal or, most commonly, a ceramic-metal composite, 1n
contact with the electrolyte membrane on the fuel side of the
cell, and a porous cathode layer of an electronically-
conductive metal oxide on the oxidant side of the cell, which
ogenerates electricity through the electrochemical reaction
between a fuel and an oxidant. This net electrochemical
reaction 1nvolves charge transfer steps that occur at the
interface between the 1onically-conductive electrolyte
membrane, the electronically-conductive electrode and the
gas phase (fuel or oxygen). The contribution of these charge
transfer steps, 1n particular the charge transfer occurring at
the oxygen electrode, to the total internal resistance of a
solid oxide fuel cell device can be significant, especially it
the fuel cell operating temperature 1s relatively low. Reduc-
ing the mternal resistance of a solid oxide fuel cell device
improves 1ts performance characteristics.

Electrode structures comprising a porous layer of elec-
trolyte particles on a dense electrolyte membrane with
electrocatalyst material on and within the porous layer of
clectrolyte are known. In such electrodes, the electrocatalyst
material 1s semi-continuous on the surface of the porous
electrolyte material to create a three phase boundary (TPB)
where the electrolyte material, electrocatalyst, and gas are in
contacit.

The electrode 1s prepared by applying an electrocatalyst
precursor material as a slurry to a porous electrolyte
structure, and then heating the precursor material to form the
clectrocatalyst. However, 1t 1s usually necessary to repeat the
process of applying the electrocatalyst precursor material to
the porous substrate several times 1n order to provide enough
clectrocatalyst to obtain a fuel cell with the desired perfor-
mance characteristics.

For fuel cell applications, this method of creating the layer
of electrocatalyst 1n and on the porous electrolyte structure
by repeated applications of the electrocatalyst slurry may
create more process steps 1n the preparation of the fuel cell
than would be desirable 1n a commercial manufacturing
process. In addition, the performance characteristics of the
electrode structure prepared by such processes, such as the
voltage at a certain current density, may be less than
desirable for certain applications.

SUMMARY OF THE INVENTION

It 1s an object of the present invention to provide a fuel
cell stack construction which can be cosintered.

It 1s a further object of the mvention to provide a fuel cell
stack construction using two materials to form multiple
layers of the fuel cell stack.
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2

It 1s a further object of the invention to eliminate warpage
and camber problems found in existing cosinterable fuel cell
stacks.

Accordingly, a fuel cell stack made from two materials
which are used to form four distinct layers 1s provided. The
fuel cell stack uses a ceramic 10onic conductor as the elec-
trolyte and a ceramic electronic conductor as an interconnect
layer, with the anode and cathode formed from the combi-
nation of the electronic and 1onic conductor materials.

The various features of novelty which characterize the
invention are pointed out with particularity in the claims
annexed to and forming a part of this disclosure. For a better
understanding of the invention, its operating advantages and
specific objects attained by 1ts uses, reference 1s made to the
accompanying drawing and descriptive matter in which a
preferred embodiment of the invention is illustrated.

BRIEF DESCRIPTION OF THE DRAWING

In the drawing:

FIG. 1 1s a schematic depiction of the structure of a fuel
cell made according to the mvention.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Referring now the drawing, in which a depiction of the
construction of a section of a fuel cell stack 10 1s shown, four
distinct layers are present in each cell 15 1n the stack 10. The
layers are an anode 20, electrolyte 30, cathode 40, and
interconnect 50).

Electrolyte 30 1s made from a ceramic 1onic conductor
material. The 1onic conductor material can be yttria-
stabilized zirconia, or ZrO,-8 mole % Y,O;, or other mate-
rial having similar properties. A commercially available

yttria-stabilized zirconia product 1s TZ-8Y made by
TOSOH. Each layer of electrolyte 30 1n the fuel cell stack 10

preferably has a thickness of about 0.002".

Interconnect 50 1s a ceramic electronic conductor mate-
rial. An appropriate compound for the electronic conductor
material 1s strontium oxide/calcium oxide stabilized
LaCrO,, such as La, sSr, ,CrO; combined with a small
amount of CaCO;. The interconnect 30 layers 1n the fuel cell
are cach preferably about 0.030" thick.

The anode 20 and cathode 40 layers are a composite
mixture of the ceramic 1onic conductor and the ceramic
electronic conductor materials. The same materials used for

the interconnect 50 and electrolyte 30 are preferred for use
with the anode 20 and cathode 40. The anode 20 and cathode

40 layers 1n the fuel cell 10 are each preferably about 0.015"
thick.

The density and porosity of each of the four layers 20, 30,
40, 50 1s controlled using known techniques, such as speciiic
sintering aids and pre-sintering treatments of the ceramic
powders used in the manufacturing process. A symmetri-
cally gradient configuration 1s used to build the unit cell
structure 15.

The symmetrically stacked configuration shown 1n FIG. 1
1s used to facilitate the cosintering of multilayered cells and
stacks. The symmetric cell unit 15 can be repeated and
laminated together to form multi layer stack greenware, and
then densified via a single cosintering treatment. The inter-
nally balanced, or mirror symmetric, configuration has the
inherent advantage of eliminating the warpage or camber
problem commonly exhibited 1n conventional multilayered
cosintered systems. Further, the use of common materials in
adjacent ftuel cell unit 15 layers inherently provides bonding,
across the joining interfaces.

It 1s not necessary to form a symmetric fuel cell unit 15,
however. Different thicknesses for the anode 20, cathode 40,
clectrolyte 30 and interconnect 50 may be used.
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Specific examples of processes and materials for making,
a fuel cell stack 10 of the mvention are provided below and
are not intended to be limiting on the scope of the invention.

EXAMPLE 1

The layer components for building a cosintered fuel cell
stack using Lag -5(Sr,Ca), ,,CrO5 interconnect 50 and
7r0,-8 mole % Y,0; electrolytic layer 30 were produced by
tape casting electrolyte 30, anode 20, cathode 40 and inter-
connect 50 layers with a TAM caster at a casting speed of 1
in/sec. BUTVAR B-76 (polyvinyl butyral) was used as a
dispersant and binder, 50/50 MEK/2-propanol was used for
a solvent and dibutyl phthalate was used as a plasticizer.

EXAMPLE 2

A solid oxide fuel cell stack 10 was assembled at green
(i.c., unfired) stage by tape lamination using a PTC isostatic
laminator for 6 minutes at 72° C. with 2 ksi pressure. The
individual fuel cell units 15 had a symmetrical structure of
anode 20, electrolyte 30, cathode 40 and interconnect 50,
which was repeated several times to produce the stack 10.
Air and fuel channels were built 1into the fuel cell stack 10
at the green stage by laser machining the green tapes and
replacing the cut-away portion with a transient spacer which
can be removed after lamination by mechanical means or by
pyrolysis.

EXAMPLE 3

A solid oxide fuel cell stack 10 was produced by cosin-
tering 1onic conductor and electronic conductor materials.
La, -,(Sr,Ca), ,,CrO, interconnect layers 50 and a ZrO,-8
mole % Y,0; electrolytic layer 30 were prepared. Layers of
mixtures of these materials were also prepared to produce
the bi-material electrodes 20, 40. The layers were assembled
and sintered to form a multilayer solid oxide fuel cell stack
in an air atmosphere using ZrO, setters by increasing the
temperature 5° C./minute between 25° C. and 300° C., 2°
C./minute from 300° C. to 900° C., holding the temperature
for 1 hour, increasing the temperature 5° C./minute from
900° C. to 1350° C., holding the temperature for 2 hours,
then cooling the fuel cell 5° C./minute to 50° C.

While a specific embodiment of the invention has been
shown and described in detail to illustrate the application of
the principles of the invention, it will be understood that the
invention may be embodied otherwise without departing
from such principles.

We claim:

1. A bi-material fuel cell unit comprising:

a first ceramic 1onic conductor material forming an elec-
trolytic layer having an anode side and a cathode side;
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a second material forming two ceramic electronic con-
ductor layers;

an anode layer mterposed between the anode side of the
electrolytic layer and one ceramic electronic conductor
layer, the anode layer composed of a mixture of the first
and second materials;

a cathode layer imnterposed between the cathode side of the
clectrolytic layer and the other interconnect layer, the
cathode layer composed of a mixture of the first and
second materials.

2. The bi-material fuel cell unit according to claim 1,
wherein the ceramic ionic conductor i1s yttria-stabilized
zirconia.

3. The bi-material fuel cell unit according to claim 1,
wherein the ceramic electronic conductor 1s LaCrO, stabi-
lized by a mixture of strontium oxide and calcium oxade.

4. The bi-material fuel cell unit according to claim 1,
wherein the anode layer has a thickness which 1s about the
same as a thickness of the cathode layer.

5. A bi-material fuel cell stack comprising:

a first ceramic 1onic conductor material forming a plural-

ity of electrolytic layers, each electrolytic layer having
a first anode surface and a first cathode surface;

a second ceramic electronic conductor material forming a
plurality of interconnect layers, each mterconnect layer
having a second anode surface and a second cathode
surface;

a plurality of anode layers, each anode layer interposed
between the anode surface of one of the plurality of
clectrolytic layers and an adjacent second anode sur-
face of one of the plurality of interconnect layers, each
of the plurality of anode layers being composed of a
mixture of the first and second materials;

a plurality of cathode layers, each cathode layer inter-
posed between the cathode surface of one of the
plurality of electrolytic layers and an adjacent second
cathode surface of one of the plurality of interconnect
layers, each of the plurality of cathode layers being
composed of a mixture of the first and second materials.

6. The bi-material fuel cell stack according to claim 5,
wherein the ceramic i1onic conductor i1s yttria-stabilized
zirconia.

7. The bi-material fuel cell stack according to claim 35,
wherein the ceramic electronic conductor 1s LaCrO; stabi-
lized by a mixture of strontium oxide and calcium oxade.

8. The bi-material fuel cell unit according to claim 35,
wherein each of the plurality of anode layers has a thickness
which 1s about the same as a thickness of each of the
plurality of cathode layers.

% o *H % x
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